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Abstract 
The purpose of the study is to examine the acute effect of physical fatigue on short-term memory.  25 university students in total, 
as being 6 females (with an average age of 21,57±1,59) and 10 males (with an average age of 21,72±1,48) , had participated 
voluntarily in the study.   Following collection of rested heart rates (HR) of all the participants, Numerical String Learning Test 
(NSLT) and then an exercise with 90% load on treadmill had been applied 5 minutes later.  Right after the applied exercise, 
NSLT had been applied for the second time, and the results of both test scores had been compared.  As per the results of 
statistical analysis performed, a statistically significant difference had been determined in between the NSLT scores of all the 
group (p<0,05) prior to (17,48±3,79) and after (14,88±5,5) fatigue. According to these results, it can be said that physical fatigue 
generating as the result of running exercise performed at maximal intensity has negative effect on short-term memory. 
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1. Introduction 
The term memory is a very comprehensive term, and it covers many different skills and abilities (Leana, 2009). 
The memory is the function of assessment, processing, coding, storage in mind and recalling –when required- of 
learned information and experiences (Öktem, 1992, Yıldız, 2008). Short-term memory is the memory which can 
only be measured with seconds or at most minutes unless converted to long-term memory.  It is described as being 
able to keep in mind the 7-10 figures of a phone number (or 7-10 specific articles) for a few seconds and minutes 
only by continuously thinking or verbally repeating them (İşgüzar, 2010). Memory and learning are cognitive 
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functions. In some of the previous studies while it had been specified that exercise had facilitated cognitive 
functions or that it was beneficial, in some other studies it had been specified that exercise had harmful effects on 
cognitive functions or had no effect at all.   It is very difficult to compare these studies. Because, the period and 
intensity (high or medium intensity etc) of the exercise and the applied cognitive tests had differentiated 
considerably.   The researchers had specified that the low or high intensity of exercises had different effects on 
cognitive functions. They had also specified that the level of fitness was also significant in determining the effect of 
intense physical exercise (Antunes, 2006).  G
Generally fatigue is being defined as decrease in performance level depending on the decrease of force and 
power generated by a muscle (Pekünlü, 2012). It had been indicated that the performance loss -obtained in studies 
relevant to fatigue- could arise from changes occurring at any phase of neural pathway which is being assessed as 
factor of central nervous system or at neuromuscles, or that it could arise from negative changes affecting the 
contractile process of skeleton’s muscle cells. Under the light of this information, in order to better understand the 
definition, the fatigue arising by the changes in neural pathway had been named as central, and the performance loss 
arising as the result of changes in muscle cell had been named as peripheral fatigue (Korkmaz, 2010).   G
The purpose of this study is to examine the acute effect of maximal running exercise performed on treadmill on 
short-term memory -among cognitive functions- through NSLT test for the effect of fatigue in young people.  
 
1. Material and Methods 
 
2.1. Participants 
 
Twenty five university students -as being 6 females and 19 males- who were 21,68±1,47 years old, whose 
heights were 177,56±9,083 cm and who perform regular sports activities had voluntarily participated in the study.  
 
2.2. Test procedure 
 
In the study, the rested Heart Rate (HR), Perceived Difficulty Degrees (PDD) during maximal exercise and 90% 
HR had been recorded. Prior to test, polar watches had been provided to all the participants after providing 
information regarding test protocol and borg scale, and their rested heart rates had been determined. 90% HR values 
of the participants had been calculated by using the karvoven formula. NSLT had been applied to all the participants 
prior to exercise, and their points had been recorded. And then they had performed heat-up run on the treadmill for 5 
min with a speed of 6km/h. After the heat-up run, the test had been started with 8km/h and 2% inclination.  The 
km/h speed had been increased by 2 with two minutes intervals, and the inclination had been increased by 1% with 
one and a half minute intervals.  The % of inclination had been determined as at most 6%. The PDD values had been 
asked to participants at times when HR reached 90%, and they had been recorded. It had been continued with the 
exercise until the HR values had reached and got fixed at 90%. NSLT had been applied for a second time on the 
participants right after the completion of exercise on treadmill, and the obtained results had been recorded.  
Numerical String Learning Test 9: The Numerical String Test had been developed in 1943.  NSLT measures 
the memory and learning ability. The test is sensitive against temporal area, hippocampus and other limbic system 
structures.  There are 3 units of numerical strings in NSLT 9. The strings consist of figures from 1 to 9, and a figure 
is being referred only once in a specific string.  The place of figure in the string had been determined randomly. The 
test is realized individually in a silent room. NSLT 9 form is applied to subjects who are under the age of 65 and 
who had been educated after high school.  Any of the strings in the form in subject is selected.  The serial number of 
the determined string (1, 2 or 3), and the figures in the string are written at relevant places in the entry form. The 
numerical string written on the entry form is told as to provide one figure in a second.  1 second after the completion 
of string, it is commanded for the subject to start. The figures told by the subject are written at the relevant place on 
entry form.  If the subject corrects any of the figures s/he had told, the newly provided figure is entered on the entry 
form. The accuracy of the provided figures is immediately determined. The trials continue until the subject repeats 
the string correctly for 2 consecutive times. At most 12 trials are performed in this manner. 
Scoring of Test: 2 points is provided to the subject for trials in which all figures of the string is correctly repeated.  1 
point is provided for trials in which only one figure is incorrectly repeated.  0 point is provided for all the other 
conditions. When two adjacent figures are replaced, it is deemed as two faults, and 0 point is provided for such 
conditions.  The obtained points are written at the relevant place on entry form. The type of fault (skipping the 
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figure, replacing it with another figure, replacing adjacent figures etc) is specified. In the implementation of NSLT, 
the test is concluded when the subject correctly repeats the string for 2 consecutive times. In such a case, 2 points 
are provided for each trial including 12th trial following the trial in which the string is correctly repeated for the 2nd 
time and which is not applied to the subject. The points obtained from 12 trials are summed up, and the total point is 
calculated. The value is written at the relevant place on entry form. The highest point possible to be obtained is: 24.  
Approximate application period is: 15 minutes (Demir, 2012).G
Perceived Difficulty Degree (Borg Scale): The participants of the study had been briefly informed regarding 
Borg Scale prior to the start of test. It had been required for the volunteers to provide a figure in between 0-10 
during exercise in order to measure their fatigue degree, and the data had been entered on the computer 
environment. 
Heart Rate: The % values of heart rates had been calculated with the following formula. 
Maximal Heart Rate= 220-ageG
Karvoven HR% = x% (Maximal Heart Rate – Rested Heart Rate) + Rested Heart Rate.G
 
2.3. Statistical method:G
 
The descriptive statistical analyses of the whole group and their distribution had been considered. Kolmogorov 
Smirnow analysis had been used in order to determine the homogeneity of data. Wilcoxon test had been used in the 
pretest-posttest comparisons, and Mann Whitney U test had been used in the comparison of two groups. G
 
3. Results 
 
The purpose of the study is to examine the effect of physical fatigue on short-term memory.  
 
Table 1: Descriptive features of subjects. 
 
N Age (years) 
M±S.D. 
Height (cm) 
M±S.D. 
Weight (kg)  
M±S.D. 
Whole Group (n= 25) 21,68±1,48 177,56±9,08 72,36±11,04 
Female (n= 6) 21,57±1,59 167,50±8,46 58,17±8,77 
 
p 0,75 0,00* 0,00* 
Male (n= 19) 21,72±1,48 180,74±6,76 76,84±7,27 
 
 
 
 
Table 2: Differences in between females and males. 
 
 
N 
 
HR 
 M±S.D. 
 
90% PULSE 
M±S.D. 
 
PDD M±S.D. 
NSLT 
(pre-test) 
M±S.D. 
NSLT  
(post-test)  
M±S.D. 
NSLT(pre-
posttest) M±S.D. 
Whole Group 
 (n= 25) 
71,32±10,05 186,54±2,58 7,20±1,19 17,48±3,79 14,88±5,50 0,01* 
Female 
 (n= 6) 
73,33±9,24 186,73±1,53 6,50±0,83 16,17±2,99 14,33±4,63 0,53 
p 0,41 0,19 0,11 0,27 0,61  
Male  
(n= 19) 
70,68±10,45 186,48±2,87 7,42±1,21 17,89±3,98 15,05±5,85 0,01* 
HR: Heart Rate, PDD: Perceived Difficulty Degree, NSLT: Numerical String Learning Test 
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As seen on Table 2, the performance of short-term memory had been negatively affected following maximal 
loaded exercise applied with similar intensity on female and male individuals.  Significant difference had occurred 
(p<0,05) in between the NSLT points of the whole group prior to and after the maximal exercise. No significant 
difference had occurred (p>0,05) in between the NSLT points of females pre to and after the exercise.  Significant 
difference had occurred (p<0,05) in between the NSLT points of males pre to and after the exercise.  
 
4. Discussion 
 
The purpose of the study is to examine the acute effect of maximal running exercise on short-term memory 
which is among cognitive functions.   
In the previous studies, it had been specified that the effect of acute exercise on memory may differ according to 
time, type of memory (i.e. acquisition, consolidation, recall) (Roiga et al., 2013). In this study, it had determined that 
NSLT points measuring the short-term memory performance following 90% loaded running exercise had decreased.  
While the decrease in short-term memory points of males was statistically significant, it had been determined that it 
was not significant in females.   It is being considered that this result arises from the low number of female subjects.   
In literature, it is being specified that intense exercises may cause decrease in cognitive functions as similar to 
our study. In a study performed on 102 male and female recreative sports people, maximal treadmill exercise test 
had been applied for the effect of physical fatigue and a test (IMPACT) measuring the cognitive functions prior to 
and after the exercise had been applied to all the participants.  As the result of research performed by 15 minutes 
running exercise on treadmill (it had been started with an inclination of 0% and had been increased by 2,5 mph, and 
had been increased by 0,5 mph until reaching to 6 mph. And then 3% increase of inclination had been performed 
until occurrence of fatigue), impairment of verbal memory had been found regarding the performance of short-term 
memory (Covassin et al., 2007).   
In the reviews of Rooks, Thorn, McCully, and Dishman (2010), the effect of acute exercises on cerebral 
oxygenation had been searched by using near-infrared spectroscopy.  As the result of that research, it had been 
found that moderate exercises increase the oxygen level of prefrontal cortex, but that intense exercises decrease the 
same.  Consequently, they had specified that exercise period and difficulty level may cause differences in the 
performance of memory (Martin A.Q et al., 2013). 
Fleury and Bard (1987) reported that a strenuous anaerobic treadmill run to exhaustion produced a significant 
impairment in exercisers’ recall memory but that recall memory was not influenced by a 30-minute sub-maximal 
treadmill run (Tomporowski and Ganio, 2006).  
Briefly, in this study the effect of 90% loaded maximal treadmill exercise on short-term memory–among 
cognitive functions- had been researched. NSLT had been applied to all the participants prior to and after the 
exercise in order measure the effect of exercise on short-term memory. After an exercise in which the participants 
reached a pulse of 90%, impairment had been determined in the scores of NSLT test. Based on the result of this 
research performed on healthy young people, it can be told that the trainers shall consider their strategies of 
developing the cognitive functions of sports people while forming their exercises for a good sportive performance. 
In the researches to be performed in the future, the effect of intensity of exercise on cognitive functions shall be 
determined by using more direct protocols in activities peculiar to sports. 
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